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• Conductivity, Resistance, RH Cycle measurement of SAS PEM using industry standard technique
• The samples of our finished SAS PEM membrane has to be sent shortly to the BekkTech. LLC, Colorado (a service provider for conductivity, resistance and RH cycle measurement of fuel cell membrane) for membrane performance measurement using industry standard techniques.
• The results will be presented during DOE review meeting presentation.
Base Case: CFD Results
• Multiphase CFD analysis of PEM fuel cell
• Mass fraction of oxygen in the channel and the porous cathode
• Top view of the current-density distribution on the surface of the catalytic active layer.
• High current density results in substantial oxygen depletion in the regions far away from the gas channel. Substantial decrease in oxygen weight fraction along the gas channel from inlet to outlet, from 0.145 to approximately 0.1.
• The current density is significantly higher below the gas channels.
• Comparison of multiphase CFD analysis of PEM fuel cell • A typical laminar gas flow profile is present in the straight sections. In the curved sections, the gas velocity distribution is asymmetric, resulting in an asymmetric concentration of gas distribution there. • Water fraction increases significantly in the electrode. It is probably the fact that water droplets would start forming at the cathode. To avoid this problem, in the design we should decrease the inlet water fraction and increase the thickness of the diffusion layer.
Comparison of CFD Results

(a)
• Parametric values used to compute gas and liquid phase presented in the previous Figures. [5] 0.6 Porosity of catalyst layer [5] 0.4 Permeability of the GDL, K (m 2 ) [5] 10 -12 O 2 diffusivity in cathode gas at standard condition [6] 3.2348x10 -5 H 2 O diffusivity in cathode gas at standard condition [6] 7.35x10 -5
Parametric Values for CFD Model
• Comparison of multiphase CFD analysis of PEM fuel cell • The gas-phase velocity vectors shown in Fig. 3 induce the gaseous mixture from the flow channel into the porous cathode. This is in contrast with the results obtained by the single-phase model [6] in which the gaseous-mixture velocity is directed from the porous cathode to the flow channel.
Comparison of CFD Results
(a) (b )
• Parametric values used for porous-electrochemical variables in the model simulation presented in previous Figure. Comparison of CFD Models Two-phase model Single-phase model [3] • Current density across the membrane at 80 o C
Parametric Values for CFD Model
• Significant improvement in current density in two-phase model compared to single-phase model, in particular, at low membrane water contents.
• The predictions of two-phase flow model will be beneficial to improve PEM fuel cell designs.
Control-Oriented CFD Model
• Control strategy for PEM fuel cell stack
• Developed membrane hydration model for efficient water management.
• Developed 3D surface map of cathode pressure, current density and membrane humidity at different voltages ranging 0.5~0.9V. Use these maps in a feed-forward control system to adapt the output voltage of the fuel cell by calculating the optimum operating conditions for input pressure at various power requirements.
• 3D surface map for a voltage of 0.7V • Water activity in the membrane
Dynamic Model Simulation
Time [sec]
• The control strategy ensures that the requested power demand is met for both small and large changes.
• For small changes in power demand the voltage remains constant but the current density is changed by changing the pressure. For larger changes in power demand -a new voltage is chosen, both the voltage and current density are constant at constant power demand.
Protocol for Experimental Validation
• Test protocol for experimental validation of control strategy
This stack test protocol is being implemented using a scripting software (HYAL). The test results will be presented during the DOE review meeting presentation.
• STEP 1 : Set the pressure to P • STEP 2 : Set the Relative humidity to RH=70%
• STEP 3 : Apply the load.
• 
